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PE®EPAT

B gunomuoit pabote 56 crpanuiisl, 32 pucyHkoB, 3 Tabmuil, 35 ucrouynuka, 1
MPUIIOKEHUE.

KitoueBbie  croBa:  aBTOMATU3WPOBAaHHAs ~ AHHOTALMS  TPAHCKPUIITOB,
MIPOKAPUOTHIECKUE TEHOMBI, CBEPTOYHBIC HEHWPOHHBIC CETH, IITyOOKOoe OOydeHWHE,
MarmmHHOe o0yuenne, RNA-Seq, OmonHpopMaTika, aHaIA3 MOCIEA0OBATEILHOCTEH,
SHAP-untepnperanusi, KoHBerep 00pabOTKU JaHHBIX

AHHOTaIUsl TPAHCKPUNTOB MPOKAPHUOTUYECKUX T€HOMOB KpailHe BakHa ISt
MOHUMAaHUSI MEXaHU3MOB PETYISIIIMK IKCIIpeccuu reHoB. CyllecTByIole KOHBEeHephl
(PGAP, SigmolD) orpanudens! ananuzom Toiabko HKPHK, TPHK u pPHK, B TO Bpems
KaK MpeJICKa3aHue KOOPJUHAT TPAHCKPHUIITOB de novo 0CTaéTcsi HEpeuIEHHOM 3a1a4eil.

Llens paboThl — pa3paboTaTh U pean30BaTh METOJ] IITyOOKOTO U OOyYESHUS ISt
aBTOMAaTH3MPOBAHHOIO MPEICKA3aHUS KOOPAUHAT TPAHCKPUIITOB B TPOKAPUOTUUYECKUX
TeHOMax MCKIIIOYUTENBHO Ha OCHOBE nociiegoarensHocty JAHK, 6e3 ucnonb3oBanus
RNA-Seq naHHBIX.

OOBbeKT uccnenoBanus — OMOPU3NYECKUE U TOCIIEN0BATEIbHOCTHBIE TPU3HAKU
TPAHCKPHUIITOB B TEHOMaX MPOKAPUOT.

[IpenMer uccienoBaHUs — JITOPUTMBI U METOABl MAIIMHHOTO U TIIyOOKOTO
oOydeHusl JJisi aBTOMaTU3UPOBAHHOTO MpEJCKa3aHUs KOOPAMHAT TPAHCKPUITOB IO
nocaenoBareiabHocTu JJHK.

Meronuka BKIIIO4alia MOCTPOEHUE MPOrPAMMHOIO KOHBEHEpa: NHIECKCUPOBAHUE
renoma (Entrez, Bowtie 2), ounctka u QC-ananu3 «ceipbix» mpouteHuii (Fastp,
FastQC), xaptupoBanue (Bowtie 2/SAMtools) u pexoncrpykiuio StringTie c
pazOueHrneM reHoMa Ha nepekphiBatonecs okaa 5 376 nu (mar 960) u MapKUpOBKOiA
0 TOKPBITHIO (> 66 %/< 66 %). JIns KakIoro OKHAa pPacCUMTHIBAIIMCH YaCTOTHI
k-MepoB, SHTPONHIHBIE W CIHEKTPAJbHBIC XaPAKTEPUCTUKHU, a TAKXKE IMapaMeTphl
OTKPBITBHIX PAMOK CUYUTBHIBAHUS; 0TOOP MH(OPMATUBHBIX MPU3HAKOB MPOBOAMIICS Uepes
KOPPEJSLIMOHHBIN aHAJIU3, TUCTIEPCUOHHBIN aHaIN3 U HA OCHOBAaHUH BKJIa/ia MPU3AKOB
B MOJIEJIb «CITyYalHBIN JIECH.

CBéprouHass HEWpOHHAs ceThb MNoKazala MeTpuky kadectBa ROC-AUC
paBHyto 0,969, a ki1accu4eckue aJrOpUTMbl MAIIIMHHOTO OOYE€UHSHM HACTPAuBaJIUCh C
nomo1ibio 6udnuorexku PyCaret. AncamOiIb U3 CBEPTOYHON HEMPOHHOM CETHU U METO/IA
K-6mmxkaiiimmx coceneit odecneunn MeTpuky kauectBa Fl1-mepy pasnyto 0,964.

B pesynbrare 0bu1 pazpaboTaH mporpaMMHBINA TTAKET, BKIIFOYAIONTUN aJITOPUTMbI
JUTsI TIOJTHOTO KOHBeMepa anHoTaruu Ha s3bike 000109k BASH, JUPYTER-wOyTOYKHM
c peamuzammeit w™oxpened u  PYTHON-momymu, dopmupyronme GTF-daiin
TPAHCKPUTITOB Oe3 ucnoias3oBanus RNA-Seq qaHHBIX.



PODEPAT

VY neimioMHait pabdore 56 ctaponki, 32 imrocTparibli, 3 TaOiIbI, 35 KpBIHILEL, 1
Jajarak.

KitouaBbrst CJIOBBI: ayramarbi3aBaHas aHaraibls TPAHCKPBINTAY,
MPaKapbIETHIYHbISE T€HOMBI, 3TOPTKaBbIi HEUPOHHBIS CETKi, IIbIOOKae HaBy4aHHE,
ManibiHHae HaByuyaHHe, RNA-Seq, OisiHdapmarbika, aHajmi3 MacisI0yHAcIeH,
SHAP-iHT3pIipaTalpis, KaHBEEp anpanoyki JaHHBIX.

AHaranplsi TPAaHCKPBINTAY NMPAKApBIETBIYHBIX TEHOMAY HAJ3BbIYall BaXKHas IS
pasyMeHHs MeXaHi3May pATyIAIbll dKcmpacii reHay. Icuyroubiss kanBeepsl (PGAP,
SigmolD) admsxoyBaroma ananizam tonski HKPHK, TPHK 1 pPHK, y To0if wac sax
de novo TIparHa3aBaHHE KaapJbIHAT TPAHCKPBINTAY 3acTaellla HEBBIPALIIHHAS
3ajadail.

Mbra paboThl — pacrpanapalls 1 prajgizaBallb MeTaJl IIbI0OKara 1 MallbIHHAra
HaBy4YaHHs JUIsl ayTamarbl3aBaHara IIparHa3aBaHHs KaapJblHAT TPAHCKPBINTAY Y
MpaKapbIETHIYHBIX TE€HOMaxX BBHIKIIOYHA Ha acHoBe mnacisgoyHacui JIHK, 6e3
BbIKapbIcTaHHs AaHbIX RNA-Seq.

AG’exT nmacnenaBaHHsS —  O1(i31UHBIA 1 TACHAIOYHACHBII  IPBIKMETHI
TPAHCKPBINTAY Y TEHOMAaX MPaKapbIET.

[IpagmeT nacnemaBaHHS — aJrapbITMbl 1 METaJbl MalllbiIHHara 1 mibl0OKara
HaBY4YaHHS JUIsl ayTaMmaThi3aBaHara MparHa3aBaHHS KaapAblHAT TPAHCKPHINTAY IIa
nacisaoyHacul JJHK.

Metonpika VKITiOodana MMacTpacHHE IMparpaMHara KaHBeepa: I1HAPKCaBaHHE
reHoma (Entrez, Bowtie 2), aubicTka 1 QC-aHami3 «cblpeix» mpauteHHsy (Fastp,
FastQC), kaptipaBanne (Bowtie 2/SAMtools) 1 pakancTpykipsito StringTie 3 pazpazam
reHoOMa Ha MepakpbbKaBaHbll BOKHBI ma 5 376 mH (kpok 960) 1 Mapkipoykail ma
nakpeiy (> 66 %/<66 %). ns koxHara BakHa BBUIIYBAIICS YacTOTHI k-mepay,
SHTPAMINHBIA 1 CIIEKTPANLHBIS XapaKTapbICTHIKI, & TaKkcaMa MapaMeTphbl aIKPBITHIX
pamMak CUbITBaHHS, a00p 1H(GAPMATHIYHBIX MPHIKMET MPABO31YCS MTPa3 KapAJISIbIHHBI
aHai3, IbICTIEPCIMHBI aHAI3 1 HA aCHOBE YKJIATy MPBIKMET Y MaJdJib «BBITIAKOBBI
JECH.

3ropTkaBasi HEWpoHHas ceTka maka3zana MeTpeiky skacii ROC-AUC,
poyHyt0 0,969, a KiaciuHbIs anrapblTMbl MalllblHHAara HaBy4YaHHs HaJla/DKBaJICA 3
nanamorait 616miaTak1 PyCaret. AHcaMOib ca 3ropTkaBail HepoHHaAN CETK1 1 MeTaay
K-6nixoaitimibix cycenssy 3abscnedsly MeTpbIKy sikacii F1-mepy, poyuyto 0,964.

VY BBIHIKY OBLT pacmpaliaBaHbl MparpaMHbI MaKeT, K1 YKIIIo9ae anrapbITMbl JJIs
noyHara kaHBeepa aHatanpli Ha MoBe abanonki BASH, JUPYTER-unoytOyki 3
pramizaupbiaii - Maganay 1 PYTHON-momymi, wmro dapmipytoub GTF-daiin
TpaHCKphINTay 0e3 BhIKapbIcTaHHS Aan3eHbix RNA-Seq.



STRUCTURAL ABSTRACT

The thesis comprises 56 pages, 32 figures, 3 tables, 35 references, and 1
appendix.

Keywords: automated transcript annotation, prokaryotic genomes, convolutional
neural networks, deep learning, machine learning, RNA-Seq, bioinformatics, sequence
analysis, SHAP interpretation, data-processing pipeline

Transcript annotation in prokaryotic genomes is critically important for
understanding the mechanisms that regulate gene expression. Existing pipelines
(PGAP, SigmolD) are limited to analysis of ncRNAs, tRNAs, and rRNAs, while
de novo prediction of transcript coordinates remains an unsolved challenge.

The aim of this work is to develop and implement a method combining deep and
classical machine learning for automated prediction of transcript coordinates in
prokaryotic genomes based solely on DNA sequence, without using RNA-Seq data.

Object of study: biophysical and sequence-based features of transcripts in
prokaryotic genomes.

Subject of study: machine-learning and deep-learning algorithms and methods
for automated prediction of transcript coordinates from DNA sequence.

The methodology involved constructing a software pipeline: genome indexing
(Entrez, Bowtie 2), cleaning and quality control of “raw” reads (Fastp, FastQC),
mapping (Bowtie 2/SAMtools), and transcript reconstruction with StringTie after
partitioning the genome into overlapping windows of 5 376 nt (step size 960) and
labeling them by coverage (> 66 %/<66 %). For each window, k-mer frequencies,
entropy and spectral features, and open-reading-frame parameters were calculated;
informative feature selection was performed via correlation analysis, analysis of
variance, and feature-importance ranking in a random forest model.

A convolutional neural network achieved a ROC-AUC 0f0.969, and classical
machine-learning algorithms were tuned using the PyCaret library. An ensemble
combining the CNN and the K-nearest neighbors method yielded an F1 score of 0.964.

As a result, a software package was developed, comprising a complete
annotation pipeline implemented in BASH, JUPYTER notebooks with model
implementations, and Python modules that generate a GTF-file of transcripts without
relying on RNA-Seq data.



